I. Introduction
Solutions of manganous ion were among the first aqueous solutions of transition metal ions in which electron paramagnetic resonance (EPR) was
The spectrum of Mn in dilute solution at. room temperature consists of six lines, each about 30 oe. wide, and each separated by 95 oe.
These six lines arise from interaction of the electronic spin with the nuclear moment of Mn 55 (I= ~).
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More careful examination of the spectrum of Mn shows that the six lines do not all have the same width. The .narrowest line at 9000 me/sec is the fourth from the low field end of the spectrum. The third and fifth lines are of roughly the same width and somewhat wider than the fourth, and the second and sixth lines are still wider. The first line is widest. This variation in width was explained by Tinkham. 2 He showed that se·cond order effects were appreciable in the spectrum at 9000 me. These second order effects, which arise from the off-diagonal terms.of the isotropic hyperfine appreciably.
There appears to be but one previous published observation of the effect Unfortunately, they musunderstood their results, assuming the behavior they observed to be intrinsic to the Mn+ 2 rather than the chloride ion that was also in the solution.
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Spectra were taken with a conventional X-band EPR apparatus employing 100 cps magnetic field modulation. Elevated temperatures were obtained by passing hot air over the sample which was contained in a quartz dewar tube inserted in the cavity. Temperatures were.measured using a very fine Cuconstantin thermocouple wrapped around a glass rod which was sealed to the sample tubes. Because of local temperature' fluctuations and because the thermocouple was not directly attached to the samples, the measured temperatures may be in error by as much as 2° at the upper end of our temperature range.
Samples were at first contained in heavy walled tubes but it was later found that ordinary melting point capillary tubing served as well, so this was used instead. Magnetic field measurements were made with a proton resonance probe and a frequency counter. Reported line widths refer to full width.at points of maximum slope. The symbol &1 will be used for this quanti~y. some 50 4 complex is to be expected.
Several additional details mtist be considered. One must consider both "inner-sphere 11 and 11 0uter-sphere '' complexes and the rates of formation of these complexes.
-2 . . This is particularly evident in the so 4 case where the opposite effects on line width are observed in the low and high temperature regions. 8 Pearson.and Buch have considered the effect of the rates of complex formation upon EPR line widths. In most of the cases that they considered they assume that the line width 1ms primarily· determined by the rate of formation of a second coordination sphere complex, and this is a reasonable assumption for their systems. In the case of Cl-we shall show that the line width is determined by a first coordination sphere complex while the so 4 -2 line widths are affected by both rates depending upon the temperature. In the development of our theory we shall use a notation, in as much as is possible, which is . ~ox-~;/~d Mn + 2 x-n respectively, or alternately, species a, b, and c respectively.
We d.efine the following rate and equilibrium constants: 
~ In order to make quantitative use of the chloride and sulfate data it is necessary to consider the primary sources of line width. Since the line width · is not only determined by the T 2 valu~s' alone but also by the 't" values it is necessary to make estimates of both of these valueso In Table I we show such a set of estimates. The anion concentration was assumed. to be 0.05 M in all cases and ionic strength effects have been neglected. in making these estimates.
Chloride Ion -The estimates of "a were mad.e by assuming that kab is a 8 d.iffusion controlled /reaction. We estimate at 20°C and 160°C respectively / 10 11 -1 -1 that kab varies from 2 x 10 to 2 x 10 M sec • The higher value at 160°C is due to the well known decrease in both the viscosity and. dielectric constant for water at higher temperatures. From Table I it can be seen that -r < T 2 particularly at the higher temperatures. Since -r would increase as a a a the anion concentration is lowered the condition 't" < T 2 would not be expected 
For chloride complexes und.er our conditions P is very close to unity and a Table I were calculated assuming that for Mn X were ten times those previously estiIt can be seen from Table I that for Kab ~c vri th other data will be discussed. later.
Sulfate Ion -The values in Table I for the sulfate ion case were estimated in much the same way as the chloride were. Above 100°C, as can also be seen in Fig. 3 , the line width increases with temperature as it does in the chloride case but at the very highest temperatures added sulfate above the stoichiometric amount has little effect.
In the 20-80°C range we should be able to apply Eq. Table I if Kab is close to the value of 1 M at the low temperatures our ionic strength.
In data gives only about a 2.8 Kcaljmole activation energy.
These two values give at 20°C -rbc Kab so 4 = 2 x 10 and -rbc ~ 1 x 10 sec. Both of these estimates are at least a factor of ten shorter than the 2 x 10-7 sec.value for -rbc of Eigen and Tamm.
11 In Table I • Further data will have to be obtained in solutions with more nearly constant ionic strength.
VII. Comparison and Conclusion
From the .chloride data we were able to evaluate the quantity Kab ~c and its combined activation energy. Since we can only make estimates for Kab it is not possible to evaluate the rate constant ~c with accuracy. The line the lifetimes -rba which are calculated in Table I are so small that a value -1 -1
for Kab less than 10 M would make our two-step· complex model unrealistic.
On basis of our data we must assume at.room temperature that K b ~ 10-~-1
• a .
-13- This lifetime is about 5 times longer than our room temperature estimate for ~be and at 160°C the extrapolated values for the water lifetime would be very close to our estimates for ~be" The mechanisms for the replacement of a first coordination sphere water molecule by a chloride ion in the second coordination sphere or by a water molecule are most pxobably very similar. Our data indicate that chloride ion is only slightly faster than water in this replacement process.
Tentative data for bromide ion and iodide ion also indicate similar rates of replacement. Further work on these ions and on chloride ion under condition of constant ionic strength is being done and such data should be very useful for a consideration of the mechanism of these reactions.
Our extrapolated value for ~be at room temperature for the sulfate system 11 is about a factor of ten shorter than that determined by Eigen and Tamm. In light of the complications of the sulfate system we must consider this as satisfactory agreement. Further work on the sulfate system with closely controlled ionic strength conditions should help classify this more complicated system.
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